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(57) CytuwocTb M3o6peieHM9: TepMoo6ps6oTKy 
nnacTwp* ToxaMw bwcoko* ^actotu ocyiMecr- 
en«K>r nocne ro<t>pwpoBaNw*. a cm33ommum 

C/)Oft HBHOCflT nODTOpHO HOC/ie OX/ia*AfcHl4P. 

HpeA^araeMU^ cnoco6 no3BonneT aa c^eT no* 
BWtueMMH n/iacTMMMUK cboACtb MeTan/ia na- 
ACXHO o6ecnesnTb repMeTn3auw»o 
peMOHTupyeMOroysacTKa CKBa*WHW. 1 130/1. 



WaoOpereHvte othochtc* k o6pa6oTice Me* 

TQl}f\Z A3B/tGHVteM, B M3CTHOCT* K T6XH0AOrMM 

MaroToaneHUR ro4>pwpOBeHHbix rpy5. 

Ochobhwmw on«paun*MM b TexHonorMne- 
ckom npouecce wsrOTOBnenwH tohkoctchmux 
rcxt>pMpOBaMHwx Tpy6 »B/>aeTC« xohOAnau Ae- 
<j>opMduM«, HanpwMep BonoMenute m npoxSTtca 
Tpyfc, xviMWHecicaj- o5pa6crrKa. t e pMW*H5C tea r 
o6pa50TKa A"» ch*tw» oct3tomhwx nanpaxe- 
hh*« BoaKvucatomwx b peay/ibrare Ae<t>opMa- 

UMW M npO<t>WlMpOB3HMfl MeTOAOM HBltaTlCV-. 

W38€CT,qh cnoco6 H3roToa/-<2HW* rpy5 c 
npoAonbHWMM rcxfcpaM* nyreM AayxaTanHoro 
4>opMOBdHwn Tpy6bi-3aroTOBxw, npwMBM na 
nepBOM STsne ee ro4>pwpy>OT paAwanbHWMM 

yCM/IMRMM. & Ha BTOPOM 3T3ne 06*UM310T B 

npo4>yi/iMpooaMHOi>i BOA»oxe. 

OflHatco eo3Hi/-Ka»oiuue b pe3ynbTSTe 
cjiqkhoA A6<t>opMaunti ooaTOMHwe Hanpw*e~ 
hm» He ab»ci AocraTOMMO* nonepesHOft npov- 
hoctm. Mciann ct3hobmtc« xpynxMM m 



HenpwroA^H a xanectBe ^actwpa npn peMOM- 

TQ 06caAH0a KO/lOHHW 8 CKBa*HH<2. 

J\n* cHftTMfl ocTBtOMHbix Hanpa^en™ xpy- 
GunoABCprajOTTepMMMecKO^ o6pa6oTxe - ot~ 
*ury b nesax Tvina nCO-06 w 
nonyMeHwa na Tpy6ax ortwcnofii nnenicn, bw- 
nonH«*otuevi <J>yHKi;wn noAMa30^noro noKpu- 
tm» m o6noAaiome(?i aoct 3tomhom 
nopwcTocxbio i- 8Acop6i4nonMoCi cnoco6wo- 

CTbK> K CMB3<e. 

HSBecreH Taioxe cruxoS, npw kotopom 
TOHKOCTeHMwe npo<t)W/ibHwe Tpy&w opae«T 
pacnDKeHMew m pa3A3ne« c narpeaoM «a anex- 
TpoTepMWMecxoM o6opyAoeaHwn. CHa^ana 3a- 
rOToexy tpy6w HerpeBdtOT roKawn 
conpOTHB/>OMM« ao reMoeparypbi OT>xnr3, a 
38TCM nocne oxna>gaeHM5i pa3AaK>r npn noMO- 

UIM XOHUMeCKOV^ OnpBBKU. 

H»3AOCTaTO« cnoco6a 3ax/i>oMaeTcw a tom. 
4TO npvi Hano^xeHUM rmacTbipfl K3 HeoToxx<eH- 

Hb*X TDV6 npOWCXOAWTb P33DWB HO 

npo<>ti/ibHO^ o0p3ay»oiuev^. a np« Kano«eHMn 
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rmacTupa u3 oTo**eHHbix ipy6 c nocneAyKr 
iumm ro4>pMpoBaMneMMO^CT nponcxo^wTbo5- 
pa3oeaHne.MtA*poipemwH bo BnaAnnax m na 
ewcrynax npOAOflbHbix ro<J>p npn AccJ>opMauviM 
mx ao uu/wMflPviHecKOM <t>opMw. xorAa ee n/ioT- 

HO npH)KMMa»OT (H3KBThlB3K)l) AOpHMpyiOme* 

ro/iOBKOvi * BMyTpeHne^ noeepxHOCTM o6caA- 
mow ko/iohhw. B pe3y/n>T3Te ne o6ecneMWB3- 
etca HaaetfHOCTb repMerwaauwu *3-3a 
HM3K0M ruTflCTMMHOCTw MeTanna rocppupoeaM- 
MOro nnacTupa. 

Uenbio H306perehn« aanAeTCfl nosuiue- 
MMe naAewHOCTM repMeTvi3auMvi o6caxcfiH mom 
ckb3>kmhu ' nyreM noBbiiueHMfl nnacTw^Hociw 
weTanna n/iacTupa. 

CyiUHOCTb Vl306peTGHUlP 3aKllK>4aeTCa B 
TOM, HTO T6pM006pa60TKy T0K3MM BblCOKOM M3- 

ctotw ocytueCTB/uuoT nocne ro<t>pupooaHM*, a 
.aareM nosropHO HaHOCflT CMasoMHun cnoft. 

B pesy/ibtaTe 3H3konepeMeHHbix Ae<t>op- 
Maun**, KoyopwM noAoepraeicfl Meranna Tpy6 
npw ro<>p^poeaHH^ xax b npouecce m3COtob- 
/ten** nnacTbipeti. Tax h npu paaAa^e b npo- 
uecce ycTanoBK* b cKeaxuHax, nponcxoA"? 
3M3MMTenbMoe ynpOHHeHne MeTanna, npw^eM 
Haw6oribUjne 3HaMGHw« ynpOMHeHvtw npwxoA- 
rtc« na BnaA^Hbi ro<{>pMpOBaHHbix Tpy6. 

H3MeHeMvie raepAOcru (Hv) cts/iw Mapx* 
10 npw TepMOo6pa6oTKG. ro<t>puipoeaHwn m 
paaAane rinacTbtpa noxa33HO b TaSnwue. 

1/13 Ta6nv»ubi bwaho. mto TBepAOCTb MeTan- 
na nnacT^pa nocne pas^aM* a oScaAHOft Tpy- 
6e AOCTwraeT Haw6onbtUMx 3h3H6hmm, ecnn 
rmacTupb M3roT3BnMeanc» n3 neTepMOo6pa- 
eoTaHHOw Tpy6w, flpn MaroToeneHMW nnacTw- 
pew H3 npeABapvne/tbHO TepMoo6pa6oTaHHbix 
Kpyrnbix Tpy6 opw ro^pvtpoBaHMw TeepAOCTb 
MecKO«bKocHn?KaeTCfl nocpaeHeHnK)c neTep- 
MOo6pa6oT3HHbiMM 33roTOBKaMU. ho nocne 
P33A3mm reepAocTb B03pacTaer homtm ao tow 
xe BefivwwHw. mto w 6es T€pMOo6pa6oTKM. Ro- 
cne TepMunecKOfl o6pa6oTKH ro^pvipoaaHMbix 
Tpy6 c narpeaoM ToxaMw ewcoxow mbctotu 

TBepAOCTb MX CHM>KaeTC» 3H3MMTCAbH0» a 00' 

cne pa3At»HM oHa Mewbuje. mom y neTepMOo6« 
paBoTaHHwx. 

B oTAMMwe or neMMoro wnrt ra30Boro Ha- 
rpeaa npn o6pa6oTKe saroTOBKM tok3mm bwco- 
kom sacTOTw npovicxoAUT He3HaHwTenbHoe 
M3MeneHv<e <J>opmw ee npo(J>n/ia, Ha noeepxHO- 
ctMTpy6w o5pa3yeic« tohkmm chom oxanMHW* 
KOTOpbiM He orcnaMBaeTcw b ftpouecce Ae<t>op~ 
MauuM - f>a3Aa4w, CMa30MHbn?i enow hbhocht- 
cp Hd BHyrpeHH»OfO no&epxHOCTb 
oTo^;>KeHHbix npoAonbHO-ro<j>pwpoBaHHbix 
Tpy6 nocne mx oxnawHWfl. Oh npeAoxp3H*eT 
BnyTpeHHioio noBepxMocTb ot KOppoanOHHOf o 
pa3pyujeHM» e npoi^ecce axcn/iyaTauwM m chm- 
»ceMMn occobix ycw/iMM b npouecce pa3Aa^w 
nnaCTwpew 



n p m m e p A™ pCMOwra oGcbahom ko- 

/^OHMbi A^«^GTpOM \ 46 MM C TOniUMHOM CTeHkH 
8 MM OnaCTblpb M3rOT38nneaK>7 M3 TOHKOCTeH- 

hom Tpy6bi iinaMerpOM 130 mm c TOnoiMHOM 
5 crenxM 3 mm m3 ctanM M3pKH 10. flnwHa Tpy6w 
9-11.5m. 

Ha BHyTpeHHioK) noaepxHocTb Tpy6w h3- 

HOCflT C/IOM rpa<J)MTOBOM MAM ApyOM CMa3KW. 
npeAH33HaHCHHOM Artfl CHMXeMMH yCM/IMM TO^ 

10 pMpOB3HMfl. rocppMpOBaHMe uvinMHAP^ecxoM 
Tpy0b» npOM3BOA^T na cneuviaAbHOM ycTanOB- 
xe nepe3 ponnxosyK) ronOBKy c BnyTpeHHe* 
npo^M^bHOMonpaaxoM. flonyMaercR npOAonb- 
HO-ro4>pMpOBaHHa» rpy6a c HapyxnwM A^»a- 
15 mct pOM 1 16 mm m HMcnoM ro^p 6 ui/)m8. 3aieM 
npow3BOAMTCP phxtobkb ro^pupoBaHHOui rpy 
Ow noc/ie orpeSKM ee na 3aAaHnyio Aw»y- 

3aTeM npon3BOA^TCR TepMUMecxan o6pa- 
6oT*a npOAOflbHo-ro<t>pwpooaHHOM rpy6w - 
20 HopMa/iH33UM» c HarpeBOM tok3mm bwcokom 
MacTotb. na ycTanOBxe BMP 30/6. R P m 3tom 
npoAonbHO-ro<ppvip08aHMa« TpyGa yciaHaB- 
AMsaeTcn ropviaoHia/ibno na po/imkobux ono- 
pax w c onpeAeneHHOiJl cxopocTbK) 
25 npoABwaeTc* sepes mhayktop. 

Oxna>KAeHMe Tpy6bi npon3BOAv»TC» na 
B03Ayxe. CM33xa. KOTopaa 6w/ia naHecena ne- 
peA ro4>pwpo&aHvteM. BbiropaeT, 

Tan xax b cKoa>KMHe npM ycTanosKe nna- 
30 cTupa b MHTepaa/ie peMOHTa npon3eOAWTCP 
pa3Aa^a nnacTbipfl ao xpyrnOM <J>opMbi m npw- 
>Katvifl k CTeHKeo6caAHOM TpyGu. to npw stom 

B03HMK3K3T 60AbUJMe KOHTaKTHbiC Harpy3KM 

Me)KAy nnacTwpeM m wHCTpyMeHTOM pa3* 

35 A3MH, A/IB CHMXeHMP 3TMX H3rpy30X H3 QHyT- 

peHHtoo nosep^HOCTb n/iacTwp« h3hocmtc» 

BTOpMMHO CMa30MHb^ Cf\OQ\, KOTOpUM CfiyttMT 
KaK AAA CHM>KeHVin yCMrtMCl, B03HMK3K)IUMX npM 

pa3A^ u ^ n^acTtjpfl, rax w Ann npeAOxpaneHMa 
40 3tom noeepXHOCTM ot Koppo3MOHHora pa3py- 
ueHM« b npouecce axcnnyaTamw. 

CoMeTaHHB TepMMMecxoii o6036otkm n/ia- 
CTwpew nocne ro4>P^poB3HMfl n MawftceHwe 
CMa30MHoro c/iofl Ha BHyrpeHHioto noee^x- 
45 HOCTb nocne TepMUMecxo* o6pa6oTXM no3BO- 
nf\\or no9HCUTb nnaCTMSHOcib ^erasxm 
nnacTwp o6ecneMviTb GnsroAapa 3ioMy na- 
Ae>xHocTt» repMeTwaauwn pe mo htm pye moj^i 

' CKB3XMHW. 

50 

<X> opMyAa M3o6peieMM« 



Cnoco6 M3roToaneHM9 ro<|>pwp063HHoro 
cTanbHoro nnacTwp«. npewMyiuecToenHO an* 
55 peMOHTa oQcaweHHow ckb3^mhw. axnto^aK)- 
iumm TepM0o6pa607Ky 3arOToaxM. HaneceMuic 
CM330MHoro end* na BHyTpeHH>o*o nOBepxHocrs 
3aroToexM m ee ro^pMpOBanue. o i n m h a »o m m 
c a TeM. irro, c uenbK> noeb<ujCMM» h3ag>khoctm 
repMe7*3auww o6ca>xeHHOM ckb-^xmhw nyTew no- 
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BwuieMMw nnacruwMOc™ r+eranna n/iecTwpa. ocymeCT8/i«»OT noc<ne rod>r M Poeann0. a 3STew 

TepM006pf«50TKy TOraMU OblCOKOrt HaCTOTW nOOTOpHO H8MOCJIT CM83QSr.U^ cnoP». 







Sua o6ds6otkm 




mmg Marepnana 


Ao ro4>pMpoeaHHJi 


rioc/ie ro<J>pvtpo- | 

BQHHK 


TepMOo5pa6otka 
nocne ro<t>pnpoaa- 
MM0 (nopMannafl- 
UM«) c HarpeBOM 

TOKflMM BWCO- 
KOW MBCTOTbU. 




Bea T©pMOo6pa- 
6otic*i 


1570 


1750 




2020 


C repM006pa60T- 


1350 


1660 




1966 


6es TepMoo6pe- 

50TKM 


1570 


1750 


1350 


1750 



CocTaowTe/H, M.PorowwHa 
PeflflKTOP H.rynbKO Texpe fl M.MopreHTa/. Koppetrop H.Myco 

3a«a3 2565 Tup ax HoAnMCHoe 

BHUVinU rocynapcTBCHrtoro kommtcta no n3o6peTeM M a M m ot^™™ npw TKHT CCCP 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

Off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation i 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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